The inactivation of single-chain urokinase-type plasminogen activator by thrombin in a plasma milieu: effect of thrombomodulin.
Thrombin cleaves single-chain urokinase-type plasminogen activator (scu-PA) into a virtually inactive two-chain form (tcu-PA/T), a process which may contribute to the maintenance of a fresh blood clot. We have examined the inactivation of scu-PA by thrombin in a plasma milieu to get more insight in the physiological relevance of this phenomenon. Citrated pooled normal plasma was treated with thrombin in the absence and presence of thrombomodulin. After an incubation period of 30 min the concentrations of scu-PA and tcu-PA/T were measured using specific bioimmunoassays. The inactivation of scu-PA in citrated plasma was found to be stimulated fourfold by thrombomodulin. Kinetic experiments showed that the inactivation of scu-PA by thrombin in the absence and presence of thrombomodulin occurred rapidly and declined within 1 min as a result of rapid inhibition by antithrombin III (ATIII) and other possible inhibitors. Calcium had no direct effect on the inactivation of scu-PA by exogenously added thrombin in the absence and presence of thrombomodulin. However, recalcification of plasma induced significant inactivation of scu-PA in plasma as a result of endogenous thrombin generation through the contact activation system. This calcium-induced inactivation of scu-PA was completely abolished in the presence of thrombomodulin, most likely as a result of activation of protein C by the complex formed between thrombomodulin and endogenously generated thrombin. Thrombomodulin thus appeared to play a dual role both by stimulating the inactivation of scu-PA by thrombin, and by inhibiting calcium-induced inactivation of scu-PA in plasma. In the plasma from a patient heterozygous for protein C deficiency, thrombomodulin could not prevent calcium-induced generation of tcu-PA/T, whereas the stimulating effect of thrombomodulin predominated instead. This result implied that disturbance of the protein C pathway may lead to the inactivation of substantial amounts of scu-PA in plasma under (patho)physiological circumstances and may provide an additional explanation for the association found between thromboembolism and deficiencies in the protein C pathway. This study shows that the amount of scu-PA that is inactivated in plasma depends mainly on the generation of thrombin and on thrombomodulin. We conclude that the inhibition of scu-PA-induced fibrinolysis appears to be regulated by activation of the coagulation system, providing a link between coagulation and fibrinolysis.